Abstract. Nowadays, the increasing performance of modern computers enables interactive systems focus on the graphical handling of information. This increase in computational power allows the designer to develop better interfaces oriented to more intuitive human-computer interaction using an interaction style more adapted to the user and system characteristic. However, when the interaction is more intuitive for the user, the design and implementation phase requires great effort by the designer. In this paper, we propose a suitable framework to analyse and design these complex systems, and a formal model that allows us to prove the system properties and validates the specification.
Introduction
The increasing performance of modern computers enables interactive systems focus on the graphical handling of complex systems. This increase in computational power allows the designer to develop better interfaces oriented to more intuitive humancomputer interaction. Interaction style should be adapted to the user (skills, age, education, necessities, etc.) and system characteristics (components, functionality, etc.) .
Interactive systems based on the desktop metaphor have adopted direct manipulation as an interaction style. This style proposes a visual model for the underlying information based on objects and actions by using input devices [1] . An interactive system based on a direct manipulation style is characterised by a userfriendly interface offering a natural representation of objects and actions [2] . This style is characterised as follows:
• Continuous representation of objects. Application objects have a graphic representation, which is visible to the users. This graphic appearance represents the object interface, and it provides information about its state (selectable, visible, active, etc.).
• Physical actions over objects. The user directly manages these objects by using input devices such as the mouse or keyboard. In this style, pointing and clicking replace the writing. Each object has certain handling capabilities (movement, dragging, dropping, etc.) that can be performed by using these input devices.
• The semantics of the action is context sensitive. An action could be carried out on several objects. Depending on the kind of object, the type of action and the gesture, the meaning of the action could be different. For example, the meaning of the
• action "dragging and dropping" could be "copy", "erase" or "print", depending on the selected object and the location where it has been dropped (a folder, the trash bin, a printer).
Direct manipulation depends on visual representation of the objects and actions of interest, physical actions or pointing instead of complex syntax, and rapid incremental reversible operations whose effect on the object of interest is immediately visible. This strategy can lead to interactive systems that are comprehensible, predictable and controllable [3] . These features represent design constraints (e.g., in task analysis) imposed by the interaction style. A formalisation of such concepts may help the designer to understand the possibilities of such an interaction style in order to achieve better applications. The direct manipulation style has traditionally been identified with the desktop metaphor environment with drag-and-drop facilities. But other approaches such as Virtual Reality, Augmented Reality or Ubiquity Computing are based on the Direct Manipulation Style, changing the space and rules by which the object of interest is shown (input and output of the traditional computer) and managed (grasping and dropping virtual objects).
These complex systems require complex graphical applications which implement: • The interaction using new input devices and sensors to collect the user information.
• Modelling of several kinds of objects with different behaviour, features and properties.
• Management of complex interactions between objects based on spatial relationships, comparison of features, hierarchies (part-of or is-a relationships) and the way of user interaction.
• High level formal specification techniques and languages to facilitate the design of user manipulation. These techniques should also be used to analyse and verify the properties of the system in each moment.
We propose a framework [4], [5], [6] of interactive systems based on a direct manipulation style focusing on relevant aspects of this interaction model from the user's point of view. This approach allows us to describe formally the system objects, their relationships and the interaction (the user's manipulation process) with them. Our model allows us to analyse usability principles of the interactive systems based on a direct manipulation style. It also defines and checks properties of usability that every system must possess, which are deduced from the formal representation of the model. We have also design a specification method, a language, and a prototype based on this model that allow the developer to define and test the elements of the manipulation system, the relationships and the properties.
Next section will present a formal model of interactive system based on a direct manipulation style, focusing on objects and their relationships, graphical representation, interaction facilities and formal properties of this kind of interactive systems. We will propose a specification method and will present a formal language for specify the manipulation process of an user on a complex system in section 3. We will finish with conclusions section.
